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' The Construction of a 
20 H.P. High Speed Steam Engine.
INTRODUCTION.
In the fall of 1903, Mr. J. W. Pearson, a mechanical engi­
neer of the class of '05 at the University of Illinois, designed 
a 6 K.W. engine type generator, which he wished to build at the 
Mechanical Engineering Department Shops, as his thesis. It was 
suggested that two other students design and build an engine in 
the shops, suitable to drive the generator; and that the set be 
placed in the department laboratory for testing purposes.
After investigation, however, it was found that two students 
could hardly accomplish such a task in the allotted time. It 
was therefore thought more profitable to buy the principle parts 
of an engine in the rough from some maker of high grade engines.
A Forbes engine was selected. It was of the vertical type, 
the cylinder being supported on three steel pillars fixed at their 
lower ends to the base casting. The engine was rated at 20 H.P. 
when running at 400 R.P.M. under pressure of 150 pounds gauge.
GENERAL DESCRIPTION.
The cylinder and steam chest were in one piece. Steam dis­
tribution was accomplished by means of an outside admission pis­
ton valve, working in bushings with milled ports. Regulation 
was by means of a Rites governor. The oiling device consisted
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of a nickle-plated "brass tank, fastened to the front of the cylin­
der, and connected by sight feed valves to copper tubes which 
carried the oil to the main bearings, guides, and crank pin. A 
hard oil cup in the end of the wrist pin, forced the oil through 
a hole in the center of the pin into the middle of the bearing.
The fly wheel was designed by the writers and the sub-base 
by Mr. J. W. Pearson and the writers. They were both made in 
the department shops. The wheel was designed to act as a coup­
ling between the crank shaft and armature shaft. But three main 
bearings were used for the set, the center bearings being of am­
ple size. The following parts were purchased from the Forbes 
Engine Co. of Hoboken, N. J., for the sum of $106.85.
CASTINGS.- 1- cylinder casting; 1- piston head; 1- cylinder 
head; 1- base casting; 2- stuffing boxes; 1- ring casting; 1- go­
vernor casing; 1- governor casting.
FORGINGS.- 1- connecting rod; 1- piston rod and cross-head;
1- crank shaft.
BRASS CASTINGS.- 2- stuffing box nuts; 2- stuffing box glands; 
1- rod box; 1- crosshead brass; 1- crosshead gib.
OTHER DETAILS.- 1- complete oiling device; 2- cylinder cock 
bonnets.
REMARKS.
All pieces purchased from the Forbes Engine Co. v/eve found 
to be without flaws and of good material. The blue prints fur­
nished were complete in all details except the governor. These 
blue prints were mounted on heavy past board and are preserved by
3
the department.
It was at first planned to use the help of members of the 
machine shop classes. This was found to he profitable only 
where some man could be assigned to some particular piece of work 
and to stay with it, until finished. On account of this proba­
bly not more than ten per cent of the work in the machine shop
r)was done in this manner.
DESCRIPTION OF PARTS AND METHOD OF FINISHING.
CYLINDER.- The cylinder was bored and faced in an engine
lathe as shown in the photograph. The casting was then moved at
■
right angles to the center line of the lathe, and the steam chest 
finished in the same manner.
PISTON ROD AND CROSS HEAD.- The piston rod and cross head 
were in one piece. In the rough forging it was in the shape of 
a solid block on the end of a shaft, and weighed 40 pounds. When 
finished it weighed but 15 pounds. The upper end of the rod was 
a taper fit in the piston head, which was held in place by a nut.
CONNECTING ROD.- The connecting rod was a solid forging, 
forked at the upper end to clasp the cross head. The box was in 
two pieces, bolted to the lower end of the rod; adjustment for 
wear being made by means of liners between the two halves of the 
box. The weight of rod and box when finished was 25 pounds.
CRANK.- The crank was a single forging with a flange on one 
end. The flange was fitted into the fly wheel hub, to which it 
was attached by cap screws. A hole was drilled through the
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the crank pin making it lighter and giving more surface for the 
radiation of heat.
PISTON HEAD.- The piston head was of the hell type, with two 
rings fitted into a single groove. The head was turned on the 
rod to .02" less than cylinder diameter. The rings were turned 
and cut, then returned and ground to fit the piston head.
GUIDES.- The cylinder was mounted on the three pillars and 
guide casting put in place; the guide was then laid off from the 
path described by the cross head, as the piston was pushed through 
the length of a stroke. The brass gib was not planed until the 
whole engine had been assembled.
MAIN BEARINGS.- The cylinder being mounted, the piston was 
placed at the upper end of its stroke and the connecting rod al­
lowed to hang from the crosshead. By means of trams a string 
was then adjusted, locating the centerline of the crank shaft.
Circles concentric to the string were then scribed on the base 
casting, the bearings babbited small, and bored on a boring mill.
STEAM CHEST AND VALVE.- The valve consisted of two pistons on 
a valve stem and separated by a piece of pipe. At first the 
valves were set so that they had l/64" lead at the minimum throw 
of the governor. Cards were taken with this setting and may be 
seen on the next page. The defects of these cards were remedied 
bjr giving the valve more lead.
GOVERNOR.- The governor as shown in the sketch consists of a 
casing pivoted a little off the main shaft center. Lead weights 
of various sizes were fastened on the inside of the casing. The
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most effective positions of the weights were found to be such that 
the line of action of the centrifugal force of one was through the 
center of the pivot and main shaft, and the line of action of the
then found that the weights would vibrate between very wide lim­
its, when the engine was running with no load under full steam 
pressure. This was remedied by placing a set screw in the cas­
ing which prevented the governor from shutting the engine down be­
low required speed.
TIME SPENT IN ACTUAL CONSTRUCTION OF ENGINE. 
Construction of special appliances for
machining engine parts . .......................... 30 hours.
Cylinder casting........................................ 40 "
Base "  30 " .
Connecting rod ....................................... 100 "
Piston rod and cross h e a d ..............................120 "
B r a s s e s ......................   40 "
Miscellaneous machine work .......................... 300 "
Fitting and erecting................................... loo "
Total .............................................. 720 *• .
WEIGHTS.
Recriprocating parts ........
Fly wheel , , ..............
Weight of engine and fly-wheel 700 "
250 "
50 pounds.
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